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Abstract. Mitogen-activated protein kinase kinase kinase 2 
(MEKK2) is an important upstream mediator of the extracellular 
signal-regulated kinase 5 signaling cascade that is essential for 
a number of cellular functions, including mitogenesis, differen- 
tiation and oncogenic transformation. Using western blotting to 
examine MEKK2 expression in 16 cases of primary colorectal 
cancer (CRC) lesions with paired normal mucosa, it was identi- 
fied that MEKK2 is highly expressed in CRC lesions compared 
with that of the normal mucosa. Immunohistochemistry of 
24 normal mucosa, 24 adenoma and 96 adenocarcinoma 
colorectal specimens indicated that the expression of MEKK2 
was significantly increased in the adenoma and carcinoma 
specimens compared with that of the normal mucosa cases 
(P<0.0001 for both). However, no significant differences were 
detected in MEKK2 expression between the carcinoma and 
adenoma specimens (P=0.85). Similarly, no correlations were 
identified between MEKK2 expression and clinicopathological 
features, including gender, age, body mass index, histological 
differentiation, depth of invasion, lymph node metastasis, UICC 
stage and K-ras mutations (P>0.05). The present study demon- 
strated that MEKK2 functions as a promotive factor in CRC. 

Introduction 

Colorectal cancer (CRC) is the second and third most common 
type of malignancy in females and males worldwide, respec- 
tively (1). In the majority of Asian countries, CRC morbidity 
has increased rapidly throughout previous decades, and follows 
a stepwise progression from normal tissue to a premalignant 
phase to the invasive carcinoma. This process is known as the 
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adenoma-carcinoma sequence. Recently, a number of studies 
have suggested that the accumulation of multiple gene muta- 
tions in key signaling pathways correlates with the multiple 
steps of colorectal carcinogenesis (2,3). Therefore, it is 
essential to identify significant molecular biomarkers in these 
pathways for the prevention and treatment of CRC. 

Mitogen-activated protein kinase kinase kinase 2 (MEKK2) 
is a Ser/Thr protein kinase expressed in multiple tissues 
that belongs to the MEKK/STE11 subgroup of the MAP3K 
family (4,5). Specifically, MEKK2 is a member of the extracel- 
lular signal-regulated kinase 5 (ERK5) signaling cascade that 
has been previously identified in all four mitogen-activated 
protein kinase (MAPK) pathways, including MEKK2/3, 
MEK5 and ERK5 at the MAP3K, MAPKK and MAPK tiers, 
respectively (6). The ERK5 signaling cascade is essential 
for the control of cellular proliferation (7) and is likely to be 
targeted during cell cycle progression (8,9) and tumorigen- 
esis (10,11). In addition, the ERK5 cascade is involved in the 
management of cell differentiation (12,13), migration (14,15), 
neuronal survival rate (16), embryonic angiogenesis (17) and 
additional cellular functions (18-21). 

MEKK2 has been shown to mediate epidermal growth factor 
and fibroblast growth factor 2 receptor signals (22,23) which 
have been previously identified to be involved in the develop- 
ment of various types of cancer (24,25). Therefore, MEKK2 
may also be important for the development of cancer. However, 
although overexpression of MEKK2 has been identified in pros- 
tate cancer (26), to the best of our knowledge, no studies have 
analyzed the expression of MEKK2 in CRC. Therefore, the aim 
of the present study was to determine MEKK2 expression at the 
protein level in colorectal carcinomas and adenomas, as well as 
normal epithelial specimens, by immunohistochemistry (IHC), 
to explore the significance of MEKK2 in the development of 
CRC. The potential correlation between MEKK2 expression 
and the major clinicopathological features of CRC and K-ras 
mutations was also assessed to determine the novel involvement 
of MEKK2 in the malignant development of CRC. 

Materials and methods 

Western blot analysis. Sixteen pairs of randomly collected 
CRC patient and matched non-cancerous tissue specimens 
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were analyzed by western blot analysis. Total protein extracted 
from frozen colorectal mucosa was resolved using 12% SDS 
polyacrylamide gel and electrotransferred to a polyvinylidene 
difluoride membrane (Pall, Port Washington, NY, USA). 
Following blocking with 5% bovine serum albumin for 1 h, the 
tissues were incubated with primary rabbit monoclonal anti- 
body against MEKK2 (EP626Y; Abeam, Cambridge, UK) at a 
dilution of 1:10,000. The immunoreactive bands were detected 
using enhanced chemiluminescence reagents (GE Healthcare, 
Uppsala, Sweden). The procedures were conducted according 
to the manufacturer's instructions and (3-actin was used as a 
loading control. 

Tissue samples. Specimens were randomly selected from 
archival tissues surgically extracted at the Sixth Affiliated 
Hospital of Sun Yat-sen University (Guangzhou, China) 
between 2009 and 2010. Tissue specimens from the local 
pathology repository, as well as clinical data were available. 
Formalin-fixed paraffin-embedded specimens were collected 
for IHC analysis, including 24 normal epithelial, 24 adenoma and 
96 primary adenocarcinoma colorectal specimens, classified as 
stages I (n=16), II (n=23), III (n=43) and IV (n=14), according to 
the International Union Against Cancer tumor-node-metastasis 
(TNM) staging criteria (7 th version, 2009). The patient group 
included 80 males and 64 females with a mean age of 60 years 
(range, 18-87 years). The present study was approved by the 
ethics committee of The Sixth Affiliated Hospital of Sun 
Yat-sen University (Guangzhou, China) and written informed 
consent was obtained from each participant. 

Tissue microarray . Hematoxylin and eosin-stained slides from 
each tumor block were examined to select a morphologically 
representative area. Two core tissue biopsies with a diameter 
of 1 mm were punched from the marked area of each donor 
block and transferred to the recipient paraffin blocks using the 
precise Minicore® Tissue Arrayer (Alphelys, Plaisir, France). 
Three tissue microarray s were constructed, including 8 normal 
epithelial, 8 adenoma and 32 carcinoma colorectal specimens. 
The tissue microarray blocks were cut into 4 /<m-sections 
using a microtome, mounted on polylysine-coated glass slides 
and used for IHC analysis. 

IHC. Slides were deparaffinized in xylene and rehydrated using 
a graded ethanol series. Antigens were retrieved by boiling the 
slides in a microwave oven for 15 min in 0.01 mol/1 citrate 
buffer (pH 6.0). Endogenous peroxidase was blocked with 
0.3% hydrogen peroxide solution and the slides were incubated 
in 10% normal goat serum for 15 min to prevent nonspecific 
staining. The tissue sections were then incubated overnight 
at 4°C with rabbit monoclonal antibody against MEKK2 
(EP626Y; Abeam) at a dilution of 1:200. Subsequently, the 
standard horseradish peroxidase/DAB (Dako Envision+ 
System; Dako, Carpinteria, CA, USA) method was used and 
the slides were lightly counterstained with hematoxylin. 
Positively stained CRC sections were included as negative and 
positive controls, and sections incubated with antibody diluent 
instead of the primary antibody were used as negative controls. 

Evaluation of IHC. Immunohistochemical staining was 
examined and evaluated by two independent pathologists. 



The staining results were scored according to the intensity 
of staining: 0, negative; 1, bordering; 2, weak; 3, moderate 
and 4, strong. In addition, the percentage of tumor cells 
stained was scored: 0, none; 1, 1-25%; 2, 26-50%; 3, 51-75% 
and 4, 76-100%. Staining index was calculated as follows: 
staining index = staining intensity score x proportion score. 
Using this method, the expression of MEKK2 in cores was 
evaluated by determining the staining index and scores were 
arranged between 0 and 16. Each specimen provided two cores 
and the score of each specimen was acquired from their mean 
values. Tumor specimens were grouped into two categories 
defined as follows: i) high expression, with an average score 
of >8; and ii) low expression, with an average score of <8. 

Statistical analysis. Statistical analyses were performed using 
SPSS 17.0 for Windows (SPSS, Inc., Chicago, IL, USA). The 
X 2 , Kruskal-Wallis or Mann-Whitney U tests were used to 
analyze the correlation between MEKK2 expression in normal 
mucosa, adenoma and carcinoma specimens and clinicopatho- 
logical features. All P-values are two-sided and P<0.05 was 
considered to indicate a statistically significant difference. 

Results 

MEKK2 protein expression levels in CRC and normal 
colorectal tissues. Expression of MEKK2 protein was 
primarily investigated by western blot analysis in 16 randomly 
selected pairs of CRC and matched non-cancerous colorectal 
tissues. MEKK2 protein was overexpressed in 13 (81.3%) 
tumor tissues, which was significantly higher than that of 
non-cancerous colorectal tissues (Fig. 1). 

MEKK2 expression in adjacent normal mucosa, adenoma 
and carcinoma. MEKK2 expression was examined by IHC 
in 24 adjacent normal mucosa, 24 adenoma and 96 carci- 
noma specimens. Expression was detected in the cytoplasm 
of normal mucosa and tumor epithelial cells (Fig. 2), but no 
nuclear staining was identified. Low expression of MEKK2 was 
identified in all 24 normal mucosa specimens (100%), with no 
detection of high expression (0%). In the adenomas, 18 (75.0%) 
specimens exhibited strong expression and 6 (25.0%) exhibited 
weak expression. In the carcinomas, 80 (83.3%) specimens 
exhibited strong expression and 16 (16.7%) exhibited weak 
expression. 

A significant difference was identified in the overall distri- 
bution of MEKK2 expression among the normal mucosa, 
adenoma and carcinoma specimens (x 2 =61.97; P<0.001; 
Table I). High expression of MEKK2 was significantly 
increased in adenoma (P<0.0001) and carcinoma specimens 
when compared with that of the normal mucosa specimens 
(P<0.0001). However, although expression was increased 
in the adenoma specimens compared with the carcinomas, 
MEKK2 levels were not found to be significantly different 
(P=0.85). 

Correlation between MEKK2 expression and clinicopatho- 
logical variables in carcinomas. The correlation between 
MEKK2 expression in carcinomas and a set of clinico- 
pathological variables were analyzed. However, no significant 
correlations were observed between MEKK2 expression and 
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Figure 1. Western blot analysis of MEKK2 protein expressed in eight pairs of colorectal tumor (T) and matched nontumor tissues (N). Expression levels were 
normalized against p-actin. MEKK2, mitogen-activated protein kinase kinase kinase 2. 
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Figure 2. Immunohistochemical staining of MEKK2 in adjacent normal 
mucosa, adenoma and adenocarcinoma of the colorectum. (A) Low expres- 
sion in normal mucosa, (B) high expression in adenoma, (C) high and 
(D) low expression in carcinoma and (E) higher expression in adenoma and 
(F) carcinoma, compared with that of neighboring normal mucosa. MEKK2, 
mitogen-activated protein kinase kinase kinase 2. 



clinicopathological variables, including gender, age, body 
mass index, histological differentiation, depth of invasion, 
lymph node metastasis and UICC stage (P>0.05; Table II). 

Correlation between MEKK2 expression and K-ras mutations 
in adenomas and carcinomas. In addition, the correlation 
between MEKK2 expression and the K-ras mutation state in 
carcinomas was analyzed, however, no correlation was identi- 
fied (P=0.68; Table II). 



Discussion 

The majority of CRCs arise via the adenoma-carcinoma 
sequence. A number of molecular and pathway alterations 
have been identified during this process, which are specific 
to the transformation from normal cells to adenoma, develop- 
ment from adenoma to cancer or the process as a whole (2,3). 
Analyzing the alterations of molecular biomarkers may aid in 
the prevention, early diagnosis and treatment of CRC. In the 
current study, the correlation between MEKK2 expression and 
clinicopathological features was investigated in various CRC 
tissues for the first time. The results demonstrate that MEKK2 
may be involved in the development of CRC . 

As one of the only two upstream molecules in the ERK5 
cascade, MEKK2 is crucial in relaying specific cell surface 
signals to downstream ERK5 following transcription regu- 
lation. MEKK2 is distributed in the cytoplasm and forms 
a complex with the MEKK2-interacting protein, which 
prevents its activation (27). When cells are stimulated by the 
epidermal growth factor (EGF) and additional stimuli, the 
complex dissociates and the number of MEKK2 molecules 
increases (27). Overexpression of MEKK2 is sufficient for 
the formation of dimers leading to self-phosphorylation and 
activation (28). In the present study, free MEKK2 protein was 
detected in various colorectal tissues, indicating a correlation 
with the development of CRC. MEKK2 was notably upregu- 
lated during the transition from normal epidermal to adenoma, 
and from adenoma to carcinoma. A significant difference was 
identified in MEKK2 expression levels between adenoma and 
carcinoma, indicating that MEKK2 may represent a promotive 
factor of CRC, which is important for the early stages of CRC 
development. In addition, inhibition of MEKK2 expression 
may block the development of CRC and therefore, be signifi- 
cant for the development of colorectal adenoma. 

However, in the present study, no correlations were 
identified between MEKK2 expression and the critical clini- 
copathological factors of carcinoma, including TNM stage, 
degree of differentiation and in particular, indicators of CRC 
foci-invasive and metastatic dissemination capabilities. This 
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Table I. Correlation between MEKK2 expression levels and various colorectal tissues. 
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Table II. Correlation between MEKK2 expression levels and clinicopathological variables of colorectal carcinoma. 
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MEKK2, mitogen-activated protein kinase kinase kinase 2; BMI, body mass index; T stage, depth of invasion; N stage, lymph node metastasis. 



indicates that the correlation between MEKK2 expression 
and CRC carcinogenesis is negligible; however, MEKK2 
may not be excluded as a biomarker for adenoma-carcinoma 



progression. Similarly, no significant correlation was identi- 
fied between the expression of MEKK2 and K-ras mutation 
status. These observations are in accordance with a study by 
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Kato et al, which reported that EGF-mediated activation of 
ERK5 proceeds independently of Ras (7). 

Currently, the mechanisms responsible for the correlation 
between MEKK2 expression and the neoplastic process are 
not yet fully understood and require investigation. The signifi- 
cance of this correlation may be examined via the downstream 
molecule ERK5, which has been investigated in a number of 
previous studies. ERK5 functions as a survival rate factor in 
mitosis (9), and is essential for EGF-mediated cell proliferation 
and for cells to enter the S phase of the cell cycle (10). In addi- 
tion, overexpression of ERK5 has been identified in various 
types of cancer, including breast and prostate cancer and 
oral squamous cell carcinoma, and has been hypothesized to 
represent an independent prognostic biomarker of disease-free 
survival (11,29,30). Therefore, overexpression of MEKK2, as 
an important upstream mediator, activates ERK5 and initiates 
the development of CRC. 

A limitation of the present study was that the patients were 
newly diagnosed with CRC in the last two years and were 
deficient of prognostic data. Therefore, the prognostic value of 
MEKK2 in CRC has not been assessed and requires investiga- 
tion in future studies. 

In conclusion, the results of the current study indicate 
that overexpression of MEKK2 correlates with colorectal 
carcinogenesis and may represent a promotive factor in the 
development of CRC. Specifically, MEKK2 may be particu- 
larly important in the early phases of this stepwise process 
during the transition from normal epithelium to adenoma. 
However, future studies must investigate this correlation in 
detail to evaluate its application. 
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